Background: Kinematics after total knee arthroplasty (TKA) have been studied for decades; 7
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2 patients with the optimal "LLM" kinematic pattern compared to none of those with the 27 "MLL" kinematic pattern reported that they were very satisfied with their TKA (p = 0.003). flexion (90° to terminal flexion), simulating native knee kinematics, produces superior 66 patient-reported outcomes compared to other kinematic patterns. A second objective of this 67 study was to determine if a specific kinematic pattern, designated as medial or lateral pivot at 68 the various flexion angle ranges of 0 to 45°, 45 to 90°, and 90° to terminal flexion, produces 69 superior patient-reported outcomes after TKA. 70
Methods 71
With institutional review board approval, a retrospective review of a prospectively 72 collected database of 120 consecutive primary TKAs was undertaken. Procedures were 73 performed between April 2013 and April 2014 by two board-certified, high volume 74 arthroplasty surgeons at a single institution. All patients presenting for a primary TKA for a 75 diagnosis of osteoarthritis or autoimmune associated knee arthritis were included. In each 76 case, sensor-embedded tibial trials (Verasense TM , OrthoSensor TM , Sunrise, FL) were used to 77 track tibiofemoral contact points following TKA implantation using traditional balancing 78 techniques based on manual and tactile surgeon judgment. The balancing technique utilized 79 is a measured resection technique with diligent assessment of gap balance with spacer blocks 80 or calibrated lamina spreaders and fine-tuning with soft-tissue balancing after bone resection 81 cuts were made. Thirty-four TKAs were excluded to eliminate potential bias for the 82 following reasons: unavailability of the required size of the Verasense™ device (n = 16), 83 device malfunction (n = 5), atypical hardware creating additional soft tissue trauma (n = 5), 84 surgery performed at a non-study hospital without the availability of the Verasense™ insert 85 trials (n = 4), unresurfaced patella (n = 1), early revision (n = 2; one for infection and one for 86 tibial aseptic loosening), and death unrelated to the index TKA (n = 1). Of the remaining 86M A N U S C R I P T 
A C C E P T E D ACCEPTED MANUSCRIPT

Data Extraction 103
The Verasense TM device produces images of tibiofemoral contact locations within 104 triangular areas representing the medial and lateral tibial plateau surfaces as the knee is 105 were the contact points and the universal origin explained below (Figure 2) . 116
Verasense TM device images uniformly had an "embossed" circle at the center of each 117 tibial surface image standardly produced and located in manufacturing. On each image, we 118 placed a white dot in these circles to create a universal origin for all measurements (Figure 2) . 119
This universal origin was determined based on the center of the tibial sensor trial and 120 remained constant throughout data extraction for each patient and different implant sizes. location with reference to the medial and lateral compartments. If the COR was located in the 134 medial compartment between 5 mm and 1000 mm, the kinematic pattern was determined to 135 be a medial pivot knee between the two distinct flexion angles. If the COR was located in the 136 lateral compartment between -5 mm and -1000 mm, the kinematic pattern was determined toM A N U S C R I P T
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7 be a lateral pivot knee between the two distinct flexion angles If the COR was less than 5 or 138 greater than -5 mm, it was considered a central pivot. If the COR was greater than 1000 mm 139 or less than -1000 mm, it was considered a translation of the implant due to the COR value 140 not allowing a detectable pivot pattern and therefore sliding instead of rotating. 141
Study Groups: 142
To address the first study question (whether an intraoperative pattern of lateral pivot 143 motion in early flexion and medial pivot motion in late flexion produces superior patient-144 reported outcomes), patients were placed into two distinct kinematic pattern groups. (Table 2) . At minimum one-year follow-up, mean KSSF scores were significantly higher in 206
TKAs with early lateral pivot/late medial pivot intraoperative kinematics compared to all 207 other kinematic patterns (80 vs. 69, t = -2.51, p = 0.018; Table 2 ). All other clinical outcome 208 scores at minimum one-year follow up did not differ between the two kinematic pattern 209 groups (Table 2) . (Table 2) . 215
Overall satisfaction with TKA is shown graphically in Figure 4 separately for the 216 early lateral/late medial kinematic pattern group and the other kinematic patterns group. 217
Eighty-six percent of the former group compared to only 57% of the latter group reported that 218 they were very satisfied with their TKA (X 2 = 3.729, p = 0.099). Figure 5 shows the percent 219 change from preoperative baseline in the proportion of patients in each group who reported 220 that their knee always, sometimes, or never feels normal. While percent change in the 221
proportions of the early lateral/late medial kinematic pattern group and the other kinematic 222 patterns group reporting that their knee always feels normal was not statistically different (a 223 56.3% increase vs. a 47.6% increase, t = 1.081, p = 0.284), there was a significantly greater 224 decrease in the proportion of patients in the former group compared to the latter group who 225 reported that their knee never feels normal (a 50.9% decrease vs. a 16.7% decrease, t = 2.650, 226 p = 0.011). 227
LLM and MLL Kinematic Patterns: 228
In this analysis, there were 2 CR with CR inserts knees, 9 CR with CS insert knees, Bold p values indicate a statistically significant difference was detected.
Italicized p values indicate a trend was detected. 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
